Differential toxicity of the protein phosphatase inhibitors microcystin and calyculin A.
Microcystin (Mcyst) and calyculin A (CalA) in vitro inhibit protein phosphatases (PP)1 and 2A activity (IC50 0.1-2.0 nM). This study was aimed at determining the contribution of PP inhibition to Mcyst hepatotoxicity by comparing the effect of these two chemically different inhibitors in perfused rat livers. Both compounds (60 micrograms Mcyst and 6 micrograms CalA/150 ml perfusate) caused cessation of bile flow and inhibition of PP activity after 20 min of perfusion to 8% and 37% of control activity for Mcyst and CalA treatments, respectively. Histopathological findings included loss of cord sinusoidal pattern and of normal liver architecture. There also was hepatocyte swelling, pyknotic changes and necrosis. Mcyst caused a modest increase in perfusion pressure of 1.2 cm of water, whereas CalA caused a 3-fold increase. The most likely explanation for this hemodynamic effect is direct action of CalA on the vascular endothelium and/or sinusoidal and perisinusoidal cells. This possibility was explored with hepatocytes and sinusoidal endothelial cells. PP activity of both cell types was inhibited by 10 to 100 nM CalA followed later by cell lysis, whereas Mcyst (500 nM-2 microM) had no effect on sinusoidal endothelial cells, but inhibited PP activity and caused later lysis in hepatocytes (Mcyst 20-160 nM). Mcyst hepatotoxicity is therefore a direct consequence of PP inhibition in hepatocytes, the loss of sinusoidal integrity following from the primary toxic insult to the hepatocyte. Inhibition of PP activity of the cells of the presinusoidal vasculature and/or nonparenchymal cells results in hepatic hypertension.